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Introduction.
The thesis work presented in the following pages was 
done with a two-fold purpose in view. It was desired to determine, 
if possible, first, the effect of organic natter upon -the capillary 
rise of water in different soils, and, second, the effect of 
organic natter upon the retention of water in different soils.
Plan of the Experiment.
It was decided to use four general types of soils; 
coarse sand, fine sand, medium silt, and medium clay— with ten 
different amounts of organic matter in each, ranging from 0 to 
40/3. This, then, made forty samples. The first part of the work 
was to be done by placing glass tubes of the soil in shallow 
pans of water and noting the rise of the water in the soils.
The second part was to be done by thro roughly saturating these 
soils, weighing, draining, and weighing again.
One of the essential differences between these soils 
was in the size of the soil particles, consequently, about 
three weeks of preliminary work was done to determine the size 
of the particles, and. to enable one to arrive at some idea of 
the relation of one soil to another.
Procedure of the Experiment.
The coarse and fine sands were sifted, through sieves hav­
ing 20 and 100 neshes to the inch, respectively, While this did 
very well to compare the sands with each other, it did not suf­
fice to compare them with the silt and clay. The soils were 
examined with a microscope. By means of the stage micrometer, the 
eye-piece micrometer was standardised, so to speak, for the dif­
ferent objectives. It was found that with the -fn objective, each 
graduated mark on the eye piece was equal to l/65 m.n., and with 
the q " objective, each was equal to 1/500 m.m. With the coarse 
sand. 105 individual particles were measured. The sizes ranged 
from 28/65 m.m. to 30/S5 m.m., with an average for the 105 of 
41.3/65 m.m. In like manner, with the fine sand it was found 
that the sizes ranged from 6/65 m.m. to 16/65 m.m., with an 
average of 10.6/65 for 125 separate particles. It is interesting 
to note at this point that the Coarse sand was practically four 
times larger than the fine sand.
To examine the silt (Post oa* silt) and clay, it was 
necessary to use the -J" objective. For the silt the smallest 
individual particle was .5/500 m.m., the largest 11/500 m.m., and 
the average for 150 particles 3.2/500 m.m. With the clay the 
work was a little more difficult. The largest particle was 8/500 
m.m. in diameter; the smallest could not be seen, that is, it 
was less than .5/500 m.m. The average size of those particles 
larger than .5/500 m.m. was 1.9/500 m.m. (out of a total of 
139). This was only one fourth of the whole number, for it was 
determined by careful count that an average of 75% of then were 
smaller than .5/500 m.n. The general average for all the clay, then
was .85/500 m.m. Here again the coarser soil was practically 
four times larger than the finer.
This much, having "been done, work was begun on the first 
main part of the experiment. Forty glass tubes, approximately 
12" long and 2" in diameter, were procured and prepared by wiring 
four thicknesses of cheese cloth over one end and labeling the 
opposite end, and the tubes were then filled. As was stated 
before, there were ten different percents of organic matter in 
each series, as follows: 0, 2, 4, 6, 8, 10, 15, 20, 30, and 40. 
With the two sands 500 grains of material were used in each case 
(this being all deemed advisable to put into the tubes), and 
with the silt and clay 400 grams were used (100 grams less taken 
because of the greater bulk of the t’.vo latter soils). The fol­
lowing tables will show the exact amount of material that was 
put into each tube.
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When the tubes were all prepared and weighed with their 
contents, they were set in shallow troughs of water, March 23, 1906, 
at 8 a.in. The tubes were immersed to the depth of -jVn, and. the 
water was maintained at this level.
The rise of the water was carefully noted, at 30 minute 
intervals until 2 p.m. of the sane day, and at 60 minute inter­
vals until 9 that night. Beginning the next morning, the rise of 
water was recorded five times, and twice every day thereafter at 
8 a.m. and 1 p.m. up to, and including March 30. The last reading 
was taken April 3, at 2 p.m.
When this part of the experiment was completed, the 
forty tubes were placed in deep vessels filled with enough water 
to bring the level of the water above the level of the soil in the 
tubes, and were left there until saturated, This was d.one April 
7. The majority of the tubes were left in the water for complete 
saturation until April 23. They were then taken out, weighed, and 
allowed to drain-until April 28, when they were weighed again.
While they were draining the precaution was taken to cover the 
tops of the tubes to prevent any evaporation so that loss of 
moisture would be through drainage alone. The remainder (all of 
Series IV, numbers 9 and. 10 of series II and III, and number 
10 of Series I) were saturated April 28, and drained May 5.
Results.
Watching the rise of the water in the tubes proved to be 
both interesting and disappointing. There were several surprises, 
and a good many things occurred that can not be accounted for.
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One thing that, seemed very remarkable was the fac t that duri:
period of ten days the wafer in the ten tubes of coarse sand
reached on an average, only 76.67 of the way to the top of
soil. In no case did the water reach the surface. The only ex­
planation that offers itself to this is that the pores were too 
large, possibly, and the peat, not being finely ground., did not 
reduce the size of then materially. The most uniform and alto­
gether most satisfactory rise was in the fine sand. The water 
rose rapidly and continuously. The silt samples were good. The 
wafer rose steadily and next to the fine sand in rapidity. The 
rise of wafer in the clay, was very slow, but it was continuous 
and consistent. The rapidity decreased directly as the percentage
of organic natter increased.
The following plates, show the extent and rapidity of 
the rise in each individual tube for a period of 12-J hours, the 
highest point reached, and the interval of tine required. The 
coarse sand is represented as Series I, the fine sand, as II, the 
silt as III, and the clay as IV. To attempt to discuss each 
plate is an almost endless task, and if such were undertaken it 
would not be of much profit, and, moreover, would not be of much 
interest to the reader. It is hardly necessary, either, because 
the plates are self explanatory.
It will be observed, that with coarse sand the rapidity 
of the rise decreases with the increase of organic matter, and 
that the extent of the rise is in direct proportion to the percent 
of organic matter up to tube 9. The falling off of the last 
two tubes is so slight as to be of small consequence. Another 
point is that the rise becomes more gradual and even directly in
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In proportion to the increase of peat. 6
The striking feature of the fine sand Series is the ex­
treme rapidity of the rise. The uniformity and continuity 
are-almost as noticable as thfe rapidity. The Increase of or­
ganic matter checks the rapidity proportionately.
The curves of the silt Series are very nearly as steep 
at tne start as are those of Series II hut they are more gradual 
at the top. The continuity is not quite so good as in SeriesII.
The first thing that attracts one's notice in the clay 
Series is the slow and gradual rise of the curves. They are 
very consistent in this respect. Their general uniformity 
and. continuity is fairly good, and altogether they are per­
haps as satisfactory as any of the others are. The rapidity of 
the rise decreased directly as the percentage of organic matter 
increased. The water did not reach the top of the soil in the 
last three tubes of the Series, however. It rose 940 of the 
way in tube 8, 910 In tube 9, and 860 in tube 10.
The results of the second part of the work are shown in 
tables II to V inclusive. Hot much space need be given to ex­
plaining them. They are identical in form for each of the four 
soils. As was stated before, the tubes were placed in vessels 
of water in such a way that the soils would be completely saturat 
ed. When this was accomplished, the tubes were weighed and 
then placed in suitable trays to drain. After this the tubes 
were weighed again, of course, and from the three weights, dry, 
saturated, and drained, the grains of water drained, grains of 
water absorbed, grains of water retained, and the percent of 
water retained, were calculated.
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There is sone satisfaction in noting that in table II 
the percentage of water retained increases directly and uninter­
ruptedly (except in one instance) with the increase of organic 
natter. These results are very good. There seens to be nothing 
that explains the apparent discrepancy. It is very slight and 
cones within- the range of experinental error. The percentage 
of water retained ranges from 20.21 to 77.20--a difference of
R«  COwO « C , In o trier words, for every percent of organic natter
added, the retention property of the. soil is increased by 
practically 1.42$.
Table III shows an increase of only 14.36. Here again, 
at the last is a slight discrepancy. It Is possible that tube 
10 was jarred in filling, thus decreasing the amount of pore 
" - " ■ * ^ s a _ d ,  however, that all the tubes were filled.
a‘J niij-fornlp as possible and with a minimum amount of compac-
u^ cn-- °  -^s» an effort was made not to compact the tubes at 
all.
The remarkable thing about Series III (shown in table 
IV) is the small effect the organic matter had on the retention 
property of the silt. There is a difference of only 2.43$.
Series IV (shown in table V) is v /imllar to Series 
III in this respect, although the difference in this case is 
a.l5$. A point that is rather remarkable is the low general 
average percent of the clay compared with the silt. The clay 
averages 80.32 and the silt 81.50. It is difficult to say 
just what the effect of the peat is on the silt and cla;. 
seems to be very little at most.
Tli ere
8.
Conclusions.
1. The capillary action of coarse sand is increased, 
while that of finer soils is decreased, by addition of or­
ganic natter.
2. Tire retention property of coarse sand is increased 
markedly, and that of other soils increased slightly, by ad­
dition of organic natter.
°* The effect of organic natter in any amount is the 
nost noticable in sandy soils.
/
